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Abstract 
CLAUDIA is a cloud detection algorithm developed for the arbitrary multispectral imagers. A validation of 
CLAUDIA using the CALIPSO and Cloudsat observations is presented. A comparison between CLAUDIA and 
MODIS cloud mask algorithm (MOD35) is also presented. The validation reveals about the accuracy of the cloud 
masks generated by CLAUDIA and the dependency of the detection accuracy on several surface types. The result 
indicates that CLAUDIA identifies the clear pixels more accurately than MOD35 and CLAUDIA is more neutral 
than MOD35. In other word, CLAUDIA is not biased to either clear or cloudy. 
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1. Introduction 
The cloud mask is one of the standard products produced 
from the satellite imagers. It is used as the preprocessing for 
the high-order products. Cloud and Aerosol Unbiased 
Decision Intellectual Algorithm (CLAUDIA) is a cloud 
detection algorithm developed for the arbitrary multispectral 
imagers1). It is now used to generate the cloud mask products 
from the GOSAT/CAI observations and will be adapted to 
the Japanese future Earth observing missions, 
GCOM-C/SGLI and EarthCARE/MSI. In this study, the 
validation of CLAUDIA using the CALIPSO and Cloudsat 
observations are presented. The comparison of CLAUDIA 
with MOD35 is also presented. 
 
2. CLAUDIA 
The CLAUDIA was developed under the concept of the 
neutral cloud detections. “Neural” means the discriminations 
are not biased either clear or cloudy. It consists of several 
pixel-by-pixel threshold tests that output the Clear 
Confidence Level (CCL) that indicates the probability of 
cloud existence through a value from 0.0 (cloudy) to 1.0 
(clear) (Fig.1). CLAUDIA calculates the final CCL from the 
CCL values of the tests using the following formulation: 
  Q 1 (1q )(1 q )L (1q )m1 11 12 1m                (1) 
  Q  q  q L qn2 21 22 2n               (2) 
  Qfinal 1 2 Q  Q             (3) 
where qgi is the CCL of the i-th threshold test in group-g. Qg 
represents CCL values of the group-1 or 2. Qfinal is the final 
CCL of CLUAIDA. The group-1 consists of the suitable 
tests for detecting the clear pixels (Table 1) and Eq. (1) is 
considered to be “clear conservative’’. In contrast, the 
group-2 consists the suitable tests for detecting the cloudy 
pixels and Eq. (2) is considered to be ‘‘clear conservative.’’ 
The concept of the CLAUDIA is referred to that of 
MOD35. MOD35 also calculates CCL values, but the 
formulation to combine the CCL values and the concept of 
the grouping are different from CLAUDIA2). The 
formulation of MOD35 tends to bring “cloudy bias” . 
 
3. Validation of CLAUDIA using CALIPSO-Cloudsat  
The radar and lidar satellite can be used to validate the 
cloud masks generated from imager data because the 
detections by the former are generally more accurate than 
the latter. For example, Ackerman et al. used the CALIPSO 
observations to validate MOD354). In this study, the cloud 
masks generated using CLAUDIA from Aqua/MODIS data 
in January 2008 to November 2008 are validated based on 
the combined Cloudsat-CALIPSO cloud masks6). 
Aqua/MODIS, Cloudsat and CALIPSO consist the 
“A-train” and the their observations are overlapped. The 
MOD35 overlapped with them are also validated. 
The outputs of Cloudsat-CALIPSO cloud mask are the 
cloud existences in each vertical bin. For this validation, the 
pixels are labeled as “cloudy” if one or more cloudy bins 
exist. The outputs of MOD35 are “Cloudy”, “Probably 
cloudy”, “Probably clear”, or “Clear”. For the comparison 
with MOD35, 0-0.25, 0.25-0.5, 0.5-0.75, 0.75-1.0 of the 
－ 37 －
CLAUDIA CCL values were labeled as “Cloudy”, 
“Probably cloudy”, “Probably clear” or “Clear”, respectively. 
 
    
The occurrence rate images according to CLAUDIA and 
MOD35 outputs when the Cloudsat-CALIPSO cloud masks 
indentified as “Clear (Cloudy)” were shown in Fig. 3 (Fig.4). 
In Fig.3 CLAUDIA and MOD35 identified the 78% and 
55% pixels as “Clear” and misidentified the 10% and 17% 
pixels as ”Cloudy” on average. In Fig.4 CLAUDIA and 
MOD35 identified the 70% and 89% pixels as “Cloudy” and 
misidentified the 14% and 6% pixels as ”Clear” on average. 
The result indicates that the discrimination of MOD35 tend 
to be biased to “Cloudy” whereas CLAUDIA can identifies 
both “Clear” and “Cloudy” in almost the same accuracy. 
Therefore CLAUDIA is more neutral than MOD35. 
Fig. 2 An example of CLAUDIA outputs. (left : MODIS 
RGB, right : CLAUDIA out put) 
 
The images and histograms of the averaging NDVI 
calculated referring to Cloudsat-CALIPSO, CLAUDAI or 
MOD35 are shown in Fig.5. The histogram of CLAUDIA is 
more similar to that of Cloudsat-CALIPSO than that of 
MOD35. Fig. 3 The occurrence rate images according to CLAUDIA 
and MOD35 outputs for “Clear” pixels. References 
1) Ishida, H. and T. Y. Nakajima (2009), Development of an unbiased cloud 
detection algorithm for a spaceborne multispectral imager, J. Geophys. Res., 114, 
D07206, doi:10.1029/2008JD010710. 
 
2) Ackerman, S. A., K. I. Stabala, W. P. Menzel, R. A. Frey, C. Moeller, and L. E. 
Gumley (1998), Discriminating clear sky from clouds with MODIS, J. Geophys. 
Res., 103, 32,141–32,157, doi:10.1029/ 1998JD200032. 
3) Ackerman, S. A., R. E. Holz, R. Frey, E. W. Eloranta, B. Maddux, and M. J. 
McGill (2008), Cloud detection with MODIS: Part II. Validation, J. Atmos. 
Oceanic Technol., 25, 1073–1086. 
4) Hagihara, Y., H. Okamoto, and R. Yoshida (2010), Development of a 
combined CloudSatCALIPSO cloud mask to show global cloud distribution, J. 
Geophys. Res., 115, D00H33, doi:10.1029/2009JD012344. Fig. 4 The occurrence rate images according to CLAUDIA 
and MOD35 outputs for “Cloudy” pixels. 
 
 
 Fig. 1 The concept of the clear confidence level in tests 
 
 Table 1 Threshold tests in CLAUDIA and main targets 
Group  Threshold tests  Main target 
1 R(0.86m) Optically thick clouds over ocean 
 R(0.66m) Optically thick clouds over land 
 R(0.86m)/ R(0.66m) Optically thick clouds 
 NDVI Clouds over deep forests 
 R(0.86m)/ R(1.6m) Clouds over bright desert 
2 BT(10.8m) High clouds 
 R(1.38m) Thin cirrus 
 BT(10.8m)- BT(3.9m) Optically thick clouds 
Fig.5 The images and histogram of NDVI made referring to 
Cloudsat-CALIPSO, CLAUDAI or MOD35 cloud masks. 
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